Abstract: Effects of process and storage temperature on concentration of Maillard compounds in aseptic cold break tomato paste were evaluated during 12 months of storage time. Cold break tomato paste was processed at 104 °C or 112 °C, aseptically filled into 5 liter bags, and stored at 21 °C and 33 °C. Level of Browning Index, Furosine, and HMF was monitored in the aseptic cold break tomato paste during the storage time. Browning Index, Furosine, and HMF significantly increased in the aseptic cold break tomato paste during storage at 33 °C, and there was linear correlation between Browning Index and Furosine (or HMF). At the lower storage temperature of 21 °C, no significant increases were observed. Effects of the process temperature on Browning Index, Furosine, and HMF of aseptic cold break tomato paste were less significant than the storage temperature.
Introduction


In the US, 75% of tomatoes are consumed in a processed form and California produces most of the processing tomatoes [1] . Processing tomatoes are often manufactured into tomato paste, packed in bulk containers, and stored for use for up to 18 months [1]. Thermal treatment of tomato products as well as storage conditions and transportation can affect the chemical composition and final quality of the product [2] . Undesirable changes occur in the color and flavor of tomato products upon processing, concentration, and storage [3] . Processing and storage of commercial tomato-based products may result in quality degradation, including loss of color and nutrients [4] . Significant oxidative damage has been observed in tomato products during their commercial shelf life [5] . Thermal browning reactions during heat processing and storage lead to changes in the color and flavor of foods [6] . Many food products are darkening during thermal processing and storage, and this is due to non-enzymatic reactions including the Maillard reaction [7] . Maillard browning significantly affects visual quality and consumer acceptance of processed foods [8] .
Degree of browning reactions can be measured by the Browning Index at 420 nm and are often used to assess the extent of the Maillard reaction [8] . Formation of Furosine, €-N-(2-furoylmethyl-L-lysine), and HMF, 5-hydroxymethly-2-furfural, have been reported in heat processed tomato products [9, 10] . Furosine and HMF are intermediate compounds of the Maillard reaction, and they have been used to evaluate non-enzymatic browning of tomato products [11] [12] [13] [14] .
It is important to understand effects of process and storage temperature on the Maillard browning compounds in aseptic tomato paste. This helps us to identify key control factors for maintenance of the quality of aseptic tomato paste. Commercial aseptic systems require significant volumes of tomato paste to evaluate different process temperatures, therefore a pilot scale aseptic system was used. A pilot scale aseptic system was not available in California where 
Materials and Methods
Manufacturing of Aseptic Tomato Paste
Frozen cold break tomato paste (total solids 42%) was manufactured at Campbell's tomato plant in California. Drums of the frozen tomato paste from the same lot were transported to a pilot plant in Camden, New Jersey. The frozen cold break tomato paste was standardized to 20% total solids to help pumping and blending of an aseptic processing system at the pilot plant. The standardized cold break tomato paste was sterilized using a tube-in-tube sterilizer (Tetra Spiraflo, Tetra Pak Inc., Denton, TX), then filled into 5 liter aseptic pouches using a Rapak Aseptic Filler (Rapak, Romeoville, IL). The entire process diagram and aseptic processing conditions are shown in Fig. 1 and Table 1 .
Microbiological Examination of Aseptic Tomato Paste
Eleven grams of tomato paste per each sample was aseptically transferred into a sterile stomacher bag 
Storage of Aseptic Tomato Paste and Preparation of Analysis Samples
Browning Index Measurement
The diluted tomato paste (5 °Brix) was centrifuged at 12,800  g for 10 min in an Eppendorf Centrifuge 5412 (Eppendorf North America, Hauppauge, NY) to remove pulp and particles. Supernatant was collected 
HMF Analysis
Insoluble solids of the diluted tomato paste (5 °Brix) were removed by centrifugation, the supernatant was filtered, and HMF was separated and quantitated by HPLC using reverse phase chromatography on a C18 column [6, [10] [11] [12] 20] . The same Agilent 1100 Series HPLC system with a C18 analytical and a guard columns (Agilent Technologies, Santa Clara, CA) was used for HMF analysis. Standard solutions were prepared by dissolving HMF standard (5-Hydroxymethyl furfural, Sigma-Aldrich, St. Louis, MO) in HPLC water. Five grams of diluted tomato paste (5 °Brix) was mixed with 10 mL of HPLC water and refrigerated for 8 hours. Sample was centrifuged for 5 minutes at 2,500 × g using IEC Explosion Proof Centrifuge (Thermo IEC, Needham Heights, MA). The supernatant of 2 mL was collected and filtered through 0.45 µm, 25 mm syringe filter before injection. HPLC injection volume was 20 µL and the flow rate was 1.0 mL/min. Detector was set at 280 nm. The mobile phase was 2% acetonitrile and 0.2% acetic acid in HPLC water. The HPLC column temperature was 40 °C and run time was 25 min. The peaks and areas were calculated with Chemstation. Duplicate was analyzed for each sample.
Statistical Analysis
An analysis of the variance (ANOVA) was 
Results and Discussion
Microbiological Examination of Aseptic Tomato Paste
No aerobic recovery of microorganisms was observed in all tomato pastes (Table 2) , therefore the aseptic processing was successfully done at 112 °C (Control) and 104 °C (Test).
Browning Index, Furosine, and HMF during Storage
Browning Index significantly increased in the Control and Test when stored at 33 °C for 12 months of storage time (Fig. 2) . Furosine and HMF also increased significantly during storage at 33 °C (Figs. 3   and 4) . However, at the lower storage temperature, 21 °C, 
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